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Preliminary and Short Report
METABOLISM OF ESTRADIOL-17/3 AND ESTRONE
IN HUMAN SKIN*
PHILLIP FROST, M.D.,t GERALD D. WEINSTEIN, M.D. AND
S. L. H5IA, PH.D.
The enzymatic interconversion of estradiol-17p
and estrone is known to occur in a variety of hu-
man tissues (1, 2). No data is available, however,
on the metabolism of estrogens in skin. Although
microscopic responses to estrogens by vaginal epi-
thelium were discovered more than forty years
ago (3), to our knowledge, active metabolism of
estrogens by this tissue has not been described.
This paper reports our initial observations on the
metabolism of estradiol-17p and estrone in human
skin and vaginal mucosa.
MATERIALS AND METHODS
Foreskin obtained immediately after excision
from newborn infants was moistened with Krebs-
Ringer phosphate buffer, pH 7.4, and kept at 5—
100 C. The skin was trimmed of subcutaneous fat
and finely minced with scissors. Fresh surgical
specimens of abdominal skin and vaginal mucosa
were similarly processed.
Within two hours after excision the minced skin
(200—400 mg) was suspended in 5 ml of Krebs-
Ringer phosphate buffer, pH 7.4, to which estradiol-
4-14C (sp. act. 31.8 mc/mM)1 or estrone-4-"C(sp. act. = 33.7 me/mM) in 0.05-0.15 ml of meth-
anol was added. The mixture was then incubated
in a Dubnoff shaker at 370 C for 5 hours. The
amount of radioactive estrogen incubated in each
experiment ranged from 3.0 X 10° to 6.0 X 10°
dpm of '4C.
Recovery of Radioactivity: The incubation was
terminated by the addition of methanol-methylene
dichloride (2:1), and the radioactive materials were
recovered by repeated extraction with methylene
dichloride according to a procedure described for
previous work (4). The amount of 14C recovered
Received for publication February 2, 1966.
This investigation was supported by Public
Health Service Grant AM-09497 from the Institute
of Arthritis and Metabolic Diseases of the Na-
tional Institutes of Health.
* From the Departments of Dermatology and
Biochemistry, University of Miami School of
Medicine, Miami, Florida 33136.
1' NIH Special Post-doctoral Fellow 1-F3-AM-
29,845.
NIH Special Post-doctoral Fellow 1-F3-AM-
29,921.§ NIH Career Development Awardee 5-K3-AM-
28,095.
1The radioactive estrogens were purchased from
Nuclear-Chicago and were purified by paper chro-
matography (5) before use.
usually exceeded 80% of the incubated labeled
steroid.
Chromato graphic Analysis: The methylene chlo-
ride extract was evaporated under vacuum and
the residue applied to a paper strip (Whatman
No. 1, 1 x 25 inches) which was then developed in
a system described by Bush (5) consisting of ben-
zene-heptane-methanol-water (40:60 :70:30). The
distribution of 14C on the paper chromatograms
was recorded by a Vanguard Autoscanner 880 with
recorder and automatic data system.
RESULTS
Three radioactive peaks were noted in chromato-
grams obtained after incubation of skin with ei-
ther estrone-4-14C or estradiol-4-14C. Peak I (R5
0.02—0.05) may indicate a spontaneous breakdown
product as it was also detectable in control experi-
ments in which the skin was omitted. The R5 of
peak 11(0.22) is similar to that of authentic es-
tradiol-173; the R of peak III (0.60), to that of
authentic estrone. The tentative identification of
the reaction products in peaks II and III as es-
tradiol and estrone respectively was further sup-
ported by chromatographic mobilities in the fol-
lowing systems: isooctane-toluene-methanol-water
(25:75:80:20) (6) and benzene-methanol-water
(100:55:45) (6), and by reverse isotopic dilution.
Details of the identification will be reported else-
where.
Experiments in which specimens of foreskin were
incubated showed considerable conversion of es-
tradiol to estrone. In four experiments an average
of 47% of the incubated estradiol was oxidized to
estrone per 200 mg tissue in 5 hours. However, in
experiments with estrone°C only 3% of the incu-
bated hormone was converted to estradiol. Fresh
abdominal skin obtained at surgery from either
adult males or females yielded only 9—10% conver-
sion of estradiol to estrone per 200 mg of tissue.
The activity of vaginal mucosa was even less than
that of abdominal skin with 200 mg converting
3% of the estradiol to estrone (Fig. 1). Control ex-
periments in which skin was omitted or boiled
showed that spontaneous interconversion of es-
tradiol and estrone did not occur.
In a control experiment with foreskin, antibiotics
(streptomycin, 500 g; penicillin, 500 units) were
added to the incubation mixture, and bacterial
cultures of the reaction media taken at the end of
the incubations were negative. Several bacterial
cultures taken from reaction mixtures which con-
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Incubation Mixtures




Estradiol-1Th-'4C, buffer 1.6 98.4 —
Estradiol-17-'4C, buffer, 1.6 98.4 —
boiled foreskin
Estradiol-1Th-'4C, buffer, 3.3 49.6 47.1
foreskin
Estradiol-17$-'4C, buffer, 2.0 88.3 9.7
abdominal skin
Estradiol-179-14C, buffer, 4.0 92.8 3.2
vaginal mucosa
Estrone-'4C, buffer 0.7 — 99.3
Estrone-'4C, buffer, 0.6 — 99.4
boiled foreskin
Estrone-'4C, buffer, fore- 1.5 2.9 95.6
skin
Fro. 1. Products of incubations were chromato-
graphed according to Bush (5). The R values of
peaks II and III are similar to those of authentic
estrachol-17p and estrone respectively (see text).
Radioactivity on the chromatograms was moni-
tored with a 4 sr strip scanner. The amount of 14C
in each peak is expressed as the percentage of
chromatographed 'IC.
tamed no antibiotics were also negative. The dis-
tribution of 14C on the chromatogram was indis-
tinguishable from that obtained in experiments
without the addition of antibiotics. Thus the pos-
sibility of bacterial activity as a cause of these
reactions could be ruled out.
DISCUSSION
Metabolism of estrogens has been demonstrated
previously in human tissues such as prostate (7)
and placenta (8). This report describes the con-
version of estradiol to estrone in human integu-
mental tissue. The reverse reaction, i.e. the con-
version of estrone to estradiol was demonstrated
in the foreskin. Under the experimental conditions
employed, the equilibrium of the interconversion
in the foreskin markedly favors the formation of
estrone. The explanation for the greater metabolic
activity of foreskin can be speculated upon, but
the available data do not allow clarification of this
point. Further studies are underway to obtain ad-
ditional information on this metabolic pathway
and its significance with respect to the biological
effects of estrogens on the skin.
Experiments in this and other laboratories have
shown that human skin also metabolizes hydrocor-
tisone (4) and testosterone (9, 10). Since skin rep-
resents one of the largest organs of the body, its
role in the overall metabolism of steroid hormones
may be significant.
SUMMARY
The in vitro interconversion of estradiol and es-
trone was demonstrated in foreskin of the new-
born. Conversion of estradiol to estrone was dem-
onstrated in skin of the abdominal wall and in
vaginal mucosa.
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